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Abstract. Dengue Hemorrhagic Fever is a disease which is endemic in most districts / cities still
becomes a public health problem in Indonesia. The awareness of people to the dengue viral
infection and its symptoms are needed to decrease the fatality of this disease. The community need
to be known the symptoms thereby they could intervened and prevent from falling in to worse
condition. This study was conducted to design system which could diagnose the onset of the disease
with 3 levels of possibilities namely Grade 1 Dengue Hemorrhagic Fever, Grade 2 Dengue
Hemorrhagic Fever, and Non Dengue Hemorrhagic Fever. The system is build based on patient
medical records of Dr. Wahidin Sudiro Husodo General Hospital, Mojokerto, East Java using the
Naive Bayes method. The method of this study including several steps such as collecting data,
preprocessing data, designing database, interface design, calculation and processing data,
classification and analyzing data and evaluating application. Determining the results of the
application diagnose requires posterior calculation which searches the highest values in three
degrees as the results of the initial diagnose. The application as a device for an early diagnosis of
dengue hemorrhagic fever has a high accuracy value of 97% out of the 30 tested data. The
homogenization of the training data and the test data by sex and age can be considered in future
research.

Introduction

Dengue Hemorrhagic Fever (henceforth DHF) is an infectious disease caused by infection of
the dengue virus which has the fastestspread in the world through the bites of Aedes aegypti and Ae.
Albopictus [1][2]. It is one of the diseases that still becomes a public health problem and is endemic
in most districts / cities in Indonesia. Almost every year, the disease which is considered as an
Extraordinary Eventusually occursduring the rainy season in some areas. It mostly infects children
aged <15 years as well as adults. The number of DHF cases in 2010 was 156.086 with 1,358 people
died because of the disease [3].

The dengue virus has four serotypes, namely Den 1, Den 2, Den 3, and Den 4 which are
included in group B Arbovirus group together with Yellow Fever, Westnile and Japanese
encephalitis. There is a cross-reaction among dengue virusesin the laboratory tests and all of the
four types of the viruses can cause any diseases with similar symptoms. Having virus isolation is
used to geta definite diagnosis of the disease. However, it is difficult to conduct the isolationas it
takes time, needs expensive special equipment, and performs the sampling on the stage of viremia
[4].

The symptom of bleeding in DHF may not occur in all cases of DHF. The lightest bleeding
occurs in apositive tourniquet test (Rumple Leede), which means that there is an increase in
capillary fragility. Indeed the positive test may also occur in viral diseases (measles, Chikungunya
fever), bacterial infections (abdominal typhus) and others [4]. The higher incidence of DHF, which
is based on the reported cases, deduces that dengue cases need more serious treatment. Serious
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treatment can be done by performing a diagnosis or early detection so that the incidence will be
handled more quickly, which ultimately can reduce the number of cases to death. There has been
much research done on the disease detection by using artificial intelligence in the modern era. This
study is expected to help prospective DHF patients for an initial diagnosis to keep them vigilant in
taking further actions so that the disease does not get worse [5].

There is a classification method namely Naive Bayes which can be used to categorize the data
on a particular class of information obtained from a set of data. The concept used in the method is a
probability that predicts the future probability based on the past experience in the form of statistical
models.

Based on the background described above, the researcher is interested in making an
application of initial DHF diagnosis by using the Naive Bayes Method. The data are obtained from
the patients’ medical records. This study uses and accumulates some clinical symptoms of DHF
patients with the Naive Bayes method which diagnoses whether or not a person suffers from the
disease and determines the degrees of severity. There are clinical symptoms that are used to detect
the disease such as duration of fever, muscle aches, decreased consciousness, heartburn, nausea,
vomit, decreased appetite, nosebleeds, weak or impalpable pulses, and other clinical symptoms.
This research is expected to help the early diagnosed DHF patients to immediately take the
necessary actions, such as checking into the hospital, in order to keep their disease from getting
worse.

Materials and Methods

The research was conducted in the Laboratory of Medical Instrumentation, Biomedical
Engineering Program, Faculty of Science and Technology, Universitas Airlangga, as well as in Dr.
Wahidin Sudiro Husodo General Hospital, East Java in about 6 months from February to June 2016.

Data for designing the early diagnosis application were medical records of patients with DHF
in Dr. Wahidin Sudiro Husodo General Hospital. There were 31 parameters needed in medical
records namely gender, petechiae, rash or bruising, ecchymosis, bleeding conjunctiva, nosebleeds,
bleeding gums, vomit, melena, blood urine, cold tiptoes and hands, bluish skin, palpable pulses,
muscle aches, decreased appetite, weakness, nausea, abdominal pain, diarrhea, constipation, loss of
consciousness, age, fever, blood pressure and the difference in pulse pressure.

The procedures of the research entitled "Designing An Application of The Initial Diagnosis of
Dengue Hemorrhagic Fever Patients by using Naive Bayes Method" were done in several steps.
Figure 1 shows a flowchart of the research methods.
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Figure 1. Flowchart of the Research Methods

The Naive Bayes method has been widely used in many cases requiring classification so that
there were several steps taken to classify the processes of training and testing data by using Naive
Bayes algorithm. Figure 2 shows the flow diagram of the application of DHF initial diagnosis by
using Naive Bayes.
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Naive Bayes Classifier

The statistical model which also includes the concepts of probability is one of the reliable
modelsof decision support. Indeed Naive Bayesian Classification (NBC) is one of the methods
which applies the concepts of probability. In this method, all attributes contribute with the same
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degree of importance in making decision and they are independent of each other. A probability
value has assumed as independent variables Xi which will merge into a special variable is the
variable C. Equation combination of these two variables is shown in Equation 1 [6]

PCXL....Xn) = PO | [ P(x, PO 10 (1)
i=1

The Naive Bayes model has an independent variable which is assumed as Xi and merged into
a special variable C. The equation of combination between the two variables is shown in equation
2.1[6].

The Naive Bayes algorithm is one of the algorithms in classification techniques. The
algorithm, which is proposed a British scientist Thomas Bayes, is classification applied by using
probability and statistics. It predicts future opportunities based on the earlier experience and is
known as Bayes' Theorem. The theorem combined with the Naive is assumed to be in independent
condition [7] [8]. In Naive Bayes classification, it is assumed whether or not there is a specific
characteristic of a class has no correlation with the characteristics of other classes [3]

The equation of Bayes' theorem is as follows :

P(X|H).P(H)

PO )

P (H|X) =
Description of the Equation 2 :
X : Data of an unknown class
H : A Hypothesis of data X is a specific class
P(H|X) : Probability of the hypothesis H based on the condition X (posterior probability)
P(H) : Probability of the hypothesis H (prior probability)
P(X|H) : Probability based on the condition of hypothesis H
P(X) : Probability X

The flow of the Naive Bayes method is as follows: 1. Reading the training data, 2. Calculating the
amount and probability. Moreover, the following steps are taken for the numerical data such a.
Looking for the mean and the standard deviation of each parameter of the numeric data, b.Finding
the value of probability by counting the number of the corresponding data from the same category
divided by the amount of data in that category. 3.0Obtaining the values of mean, standard deviation
and probability in a table [4].
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Calculation of Naive Bayes
a. Calculation of Likelihood
Calculation of Likelihood is used to calculate the probability occurrenceof each parameter
(X1) that affects each class (Ci).

The calculation of Likelihood is shown in the Equation 3:

Xi
P(X|C)=— 3)
Ci
The Sex Probability of DHF Grade 1 (C1) is shown in the Equation 4:
Xi
P(X(Sex)lc1) = — “4)
(x(selen) =
X(Male 42
P(X(Sex)|C1) = X(Male) _ 42 _ 0.64615
C1 65
X(Female) 23
P(X(Sex)|C1) =—— = — =0.35385
C1 65

Of the 162 training data, it is known that there are 65 data of DHF grade. Grade 1 (C1),
49 data of DHF Grade 2 (C2), and 48 data of Non DBD (C3). The prior Probability calculation of
the possiblity of DHF Grade 1 P (C1) by the Equation 5 is as follows:

Ci
P(Ci) = — )
(c)=—
The prior Probability calculation of the possiblity of DHF Grade 1 P (C1) by the Equation 6 is

as follows:

c1 65
P(C1) = — = = 0,4012 (6)

The prior Probability calculation of the possiblity of DHF Grade 2 P (C2) by Equation 7 is as
follows:

c2 49
P(C2)= = = 1gp = 03024 (7
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The prior Probability calculation of the possiblity of non DHF Grade 2 P(C2) by the Equation
8 is as follows:

pic2) =2 =28 _ 52926 (8)

c 162

Classification Results and Analysis

The posterior probability calculation is required to determine the results of the classification.
The calculation is done to determine chances of a hypothetical right which is the result of data
classification. The posterior probability calculation on the training data is done by performing the
Equations 8 and 9. It is necessary to calculate the /ikelihood of the data which is used to calculate
the probability occurrence of each feature affecting the degrees prior to determine the posterior
probability calculation [9].

Likehood .Class Prior (9)
Probabilitas posterior = , .
Predictor Prior
Or can also be written as
Probabilitas posterior : posterior probability

P(X|C)P(C)
P(X)
The test is done on the 30 medical records. There are 10 patients suffering from DHF Grade 1,

10 patients enduring of DHF Grade 2, and 10 patients classifying as non-dengue grade. As stated in
one of the first test data, the posterior probability calculated by the application is as follows:

P(c1]x) = 03916
P(C2|X) = 0.0243
P(C3|X) = 0.0654

P(Clx) = (10)

Therefore, the decision on what application to take is based on the highest probability namely
Grade 1 (C1).

Table 1. Experts’ Diagnosis Results and Initial Diagnosis on the Application

No of Experts’ Posteriorprobability Program Information
TestData Results Grade 1 Grade 2  NonDHF Results
1 Grade 1 0.3916 0.0243 0.0654 Grade 1 matched
2 Grade 1 0.3917 0.8748 0.0273 Grade 2 unmatched
3 Grade 1 0.1469 0.0937 0.9813 Grade 1 matched
4 Grade 1 0.0003 0 0 Grade 1 matched
5 Grade 1 0.0109 0.0012 0.0008 Grade 1 matched
6 Grade 1 0.0245 0.0234 0 Grade 1 matched
7 Grade 1 0.0109 0 0 Grade 1 matched
8 Grade 1 0.1679 0 0 Grade 1 matched
9 Grade 1 0.0163 0.0061 0 Grade 1 matched
10 Grade 1 0.0007 0 0 Grade 1 matched
11 Grade 2 0 0.0476 0 Grade 2 matched
12 Grade 2 0 0 0 Grade 2 matched
13 Grade 2 0 0.0003 0 Grade 2 matched
14 Grade 2 0 0.5103 0 Grade 2 matched
15 Grade 2 0 0.0875 0 Grade 2 matched
16 Grade 2 0 0.0005 0 Grade 2 matched
17 Grade 2 0 0.8748 0.0001 Grade 2 matched
18 Grade 2 0 0.0794 0 Grade 2 matched
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19 Grade 2 0 0 0 Grade 2 matched
20 Grade 2 0 0.5292 0.0001 Grade 2 matched
21 Non DHF 0 0 0.0654 Non DHF matched
22 Non DHF 0 0 0.1163  Non DHF matched
23 Non DHF 0 0 0.0129  Non DHF matched
24 Non DHF 0 0 0.0087  Non DHF matched
25 Non DHF 0 0 0.0013  Non DHF matched
26 Non DHF 0 0 0.1163  Non DHF matched
27 Non DHF 0 0 0.0129  Non DHF matched
28 Non DHF 0 0 0.0010  Non DHF matched
29 Non DHF 0 0.0104 0.1472 Non DHF matched
30 Non DHF 0 0.0005 0.3925 Non DHF matched

Evaluation of the Application
Based on the results of the program diagnosis and the experts’ diagnosis, the calculation of
the application accuracy levels is as follows:
¥ correct data (11)

Accuracy = —— =100 Up
n

29
Accuracy = ﬁx 100 % = 9704

Description of the Equation 9:
X correct data = number of the corresponding test data
N = Total Number of test data

The results of the calculation on the application evaluation indicates that the level of accuracy
of the initial diagnosis device which is compared with the initial experts’diagnosis is 97%. This
application could increase the awareness of people to Dengue Haemorrhagic Fever (DHF). By using
this application, the condition of people suspected to DHF would not deteriorated. This program
extremely advocating the prevention effort of DHF. In a disease-endemic country, it is important to
organize laboratory services in the context of patients’ needs and disease control strategies [10].

Conclusion

1.  The Naive Bayes method could be used to classify the initial diagnosis of the DHF disease by
using patients’ medical records as the data.

2. The application of this initial diagnosis has quite high accuracy, namely 97%. The results of
the accuracy are obtained by comparing the number of correct data which are collected from
test results divided by the total number of the test data.
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